Stagonospora nodorum leaf blotch is an economically important foliar disease in the major wheat-growing areas of the world. In related work, we identified a host-selective toxin (HST) produced by the S. nodorum isolate Sn2000 and determined the chromosomal location of the host gene (Snn1) conditioning sensitivity to the toxin using the International Triticeae Mapping Initiative mapping population and cytogenetic stocks. In this study, we used the same plant materials to identify quantitative trait loci (QTL) associated with resistance to fungal inoculations of Sn2000 and investigate the role of the toxin in causing disease. Disease reactions were scored at 5, 7, and 10 days postinoculation to evaluate changes in the degree of effectiveness of individual QTL. A major QTL was identified on the short arm of chromosome 1B, which coincided with the snn1 toxin-insensitivity gene. This locus explained 58% of the phenotypic variation for the 5-day reading but decreased to 27% for the 10-day reading, indicating that the toxin is most effective in the early stages of the interaction. In addition, relatively minor QTL were identified on chromosomes 3AS, 3DL, 4AL, 4BL, 5DL, 6AL, and 7BL, but not all minor QTL were significant for all readings and their effects varied. Multiple regression models explained from 68% of the phenotypic variation for the 5-day reading to 36% for the 10-day reading. The Chinese Spring nullisomic 1B tetrasomic 1D line and the Chinese Spring-Triticum dicoccoides disomic 1B chromosome substitution line, which were insensitive to SnTox1, were more resistant to the fungus than the rest of the nullisomictetrasomic and disomic chromosome substitution lines. Our results indicate that the toxin produced by isolate Sn2000 is a major virulence factor.
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Stagonospora nodorum (Berk.) causes Stagonospora nodorum blotch (SNB), which is an important fungal disease of common wheat (Triticum aestivum L., 2n = 6× = 42, AABBDD genomes) and durum wheat (T. turgidum L., 2n = 4× = 28, AABB genomes), and it occurs in major wheat-growing areas throughout the world (10) . Because the pathogen can infect both seedlings and spikes, yield losses in wheat production can reach 50% (16, 22, 52) , and grain quality also can be affected (32) . The pathogenic fungus was originally identified and classified as a Septoria sp. in 1850, but recently was moved to the genus Stagonospora. Also, the teleomorphic stage was transferred from Leptosphaeria to Phaeosphaeria (6) .
Utilization of host resistance is considered to be the most important and preferred method to control disease. However, in the case of SNB, no immunity or complete resistance has been found in existing wheat germ plasm, and only partial resistance was identified in some wheat cultivars, lines, and related species (10, 52) . The results from classical genetic analyses indicated that the inheritance of resistance to SNB is complex. Most studies suggest that resistance to SNB is governed by multiple genes (3, 8, 16, 46) , whereas monogenic inheritance was found in some wheat materials (23, 29, 35) . Additive gene effects were most important, but sometimes nonadditive effects, epistasis, and dominant or partially dominant gene action also were detected (8, 34, 42) . Resistance to SNB on leaves may be independent of resistance to SNB on spikes (16, 52) .
The use of molecular markers for the construction of genetic linkage maps in segregating populations permits the estimation of the number, chromosomal positions, and degrees of effects of polygenes affecting quantitative trait loci (QTL). Molecular markers tightly linked to major QTL can be deployed for markerassisted selection (MAS). Messmer et al. (33) used 121 DNA markers to construct a preliminary genetic map and found seven QTL associated with resistance to leaf infection of SNB and seven QTL for spike resistance. Each of them explained 5 to 19% of the phenotypic variation, and only one QTL was common to both leaf and spike resistance. Recently, Czembor et al. (7) identified four QTL significantly associated with partial resistance to leaf blotch in a doubled-haploid population derived from a cross between the partially resistant 'Liwilla' and susceptible 'Begra'. The QTL were located on chromosomes 2B, 3B, 5B, and 5D. Schnurbusch et al. (45) detected QTL on 3BS, 4BL, and 5BL for Stagonospora glume blotch resistance in Swiss winter wheat. In durum wheat, two random amplified polymorphic DNA markers were found to flank the leaf blotch resistance gene snbTM, which was introgressed from T. timopheevii and located on chromosome 3A (4, 29) .
In the early 1990s, the International Triticeae Mapping Initiative (ITMI) mapping population was developed and used to construct molecular marker-based genetic maps of wheat. Dense genetic maps of all 21 chromosomes now exist and include hundreds of molecular marker loci (31, (39) (40) (41) 43, 51) (available online in the Graingenes database). Many major genes and QTL for disease resistance and agronomically important characters have been mapped in this population (2,12,13,21,27,37,38,48,49).
In closely related work, we identified a host-selective toxin (HST) produced by the S. nodorum isolate Sn2000 and designated it SnTox1 (28) . We also determined that a single gene in the host confers sensitivity to SnTox1, which we have designated Snn1. Physical mapping using Chinese Spring cytogenetic stocks and genetic mapping using the ITMI mapping population revealed that Snn1 lies near the tip of the short arm of chromosome 1B. Here, we report the identification of QTL associated with resistance to fungal inoculations of Sn2000 and investigate the role of SnTox1 in causing disease using the same materials.
MATERIALS AND METHODS
Plant material. The genetic mapping population consisted of 106 recombinant inbred (RI) lines (partial ITMI mapping population) derived from a cross between the synthetic hexaploid wheat W-7984 and the hard red spring wheat cv. Opata 85 (plant introduction no. 591776). The population was provided by M. E. Sorrells, Cornell University, Ithaca, NY. Development of this population was described in Nelson et al. (41) . Wheat cytogenetic stocks, including nullisomic-tetrasomic (NT) lines (47) and Chinese Spring-T. dicoccoides (CS-DIC) disomic chromosome substitution lines, were screened to further evaluate the role of Snn1 in causing disease. The NT lines have a pair of missing chromosomes that are partially compensated for by an extra pair of homoeologous chromosomes, and the CS-DIC lines have a pair of T. dicoccoides chromosomes substituted for a homologous pair of CS chromosomes. The CS-DIC lines were provided by the Wheat Genetics Resource Center, Kansas State University. The hexaploid wheat lines ND495, Erik, Kulm, BR34, and Grandin also were screened with the fungus and used as inoculation checks.
Fungal inoculation and disease ratings. Three replications were used for disease evaluation. For each replication, nine plants of each RI line, parents, and CS aneuploid lines were grown in cones with three individuals per cone. Cones were placed into racks of 98 bordered by the susceptible genotype ND495. All plants were grown in the greenhouse at an average temperature of 21°C with a 16-h photoperiod. Plants were inoculated at the twoto three-leaf stage.
Isolate Sn2000 was grown on V8-potato dextrose agar (PDA) (150 ml of V8 juice, 3 g of CaCo 3 , 30 g of sucrose, 10 g of Difco PDA, 10 g of agar in 1,000 ml of water) by spreading 200 µl of pycnidial spores onto the plate using a sterile inoculating loop. Cultures then were grown for 7 to 10 days and plates were washed with sterile distilled water and further diluted to 1 × 10 6 conidia ml -1 for inoculations. Two drops of Tween 20 (polyoxyethylene sorbitan monolaurate) were added per 100 ml of inoculum. Plants were inoculated until runoff. Following inoculations, plants were placed in a mist chamber at 100% relative humidity for 24 h in the dark, followed by incubation in growth chambers with a 12-h photoperiod and constant temperature of 21°C until evaluation.
Plants were scored for reaction to the fungus at 5, 7, and 10 days postinoculation. A 0-to-5 qualitative lesion-type rating scale was used to evaluate each line, where 0 = absence of visible lesions (highly resistant); 1 = few penetration points, with lesions consisting of flecking or small dark spots (resistant); 2 = lesions consisting of dark spots with little surrounding necrosis or chlorosis (moderately resistant); 3 = dark lesions completely surrounded by necrosis or chlorosis, lesions 2 to 3 mm (moderately susceptible); 4 = larger necrotic or chlorotic lesions 4 mm or greater, with little coalescence (susceptible); and 5 = large coalescent lesions with very little green tissue remaining (highly susceptible) ( Fig.  1 ). Plants having equal numbers of two different lesion types were given an intermediate lesion type (e.g., lesion types 1 and 2 equals 1.5).
Identification of the HST, SnTox1, and procedures for partial purification, infiltration, and analyses were reported by Liu et al. (28) .
QTL analysis. The map used in this study employed 524 genetic markers. All maps and mapping data are available through the Graingenes website (which is a product of the U.S. Department of Agriculture-Agricultural Research Service). The 5-, 7-, and 10-day phenotypic averages of three replications were regressed on genotypic marker data to identify genomic regions associated with resistance. Simple linear regression was conducted using the computer program Map Manager QTXb20 (30) to identify markers associated with resistance at the 0.005 level of probability. Using this significance threshold on a data set of this size is likely to result in the identification of significant marker-trait associations by random chance. However, we chose the significance threshold of P < 0.005 in order to reduce the risk of committing a type II error (declaring nonsignificance of a significant QTL). Simple and composite interval-regression (CIM) mapping (19) then was performed on chromosome linkage groups possessing markers with significant single-factor effects using a subset of the marker data set that consisted of 360 informative markers distributed approximately every 10 centimorgans along the chromosomes. To determine the critical logarithm of the odds (LOD) threshold, we executed a permutation test with 5,000 permutations. A LOD threshold of ≈3.0 in this RI population yielded an experiment-wise significance level of 0.05 (26) . Markers having significant main effects were tested against all other markers on the map to detect significant (P < 0.005) interactions. Significant markers and interactions were assembled into multiple regression models using the computer program QGENE (36) . Markers that failed to retain significance in the model were eliminated. The coefficient of determination (R 2 ) from the multiple regression model is the proportion of the total phenotypic variation explained by the markers. 
RESULTS
Symptomatology and scoring. All wheat genotypes, including parents and checks, were screened by inoculation with Sn2000 at the two-to three-leaf stage, and the second leaf was examined for disease reaction. Of the checks, only Erik and BR34 were highly resistant to Sn2000 (Table 1 ) and showed few lesions or small dark spots at the sites of infection indicating a resistant response. Kulm, ND495, Grandin, and CS were highly susceptible. The susceptible reaction of these genotypes developed very quickly, with lens-shaped necrotic and chlorotic lesions that became larger and coalesced as the disease progressed. Opata 85 and W-7984 showed reactions that differed from the resistant and susceptible checks and were considered moderately resistant to moderately susceptible ( Table 1 ). The lesion types also differed between Opata 85 and W-7984. Opata 85 developed small, dark lesions surrounded by necrosis or chlorosis, but the lesions developed more slowly than the susceptible checks. W-7984 exhibited brown necrotic lesions without any chlorotic border throughout the leaf at 5 days after inoculation. As the disease developed, the necrotic lesions became darker and somewhat enlarged.
Although the two parental lines were moderately resistant to Sn2000, analysis of variance indicated highly significant differences among RI lines for reaction to Sn2000, and transgressive segregants were common, indicating that Opata 85 and W-7984 possess different resistance genes (Table 2 ; Fig. 2 ). The most highly resistant RI lines developed only small dark lesions similar to the resistant checks and were scored as lesion types 1 to 1.5. The most highly susceptible lines developed large areas of necrosis or extensive chlorosis, and they had lesion types ranging from 3.5 to 4.5. Over time, the lesion type means of the whole population increased from 2.18 at 5 days to 2.54 at 10 days (Fig. 2) .
We observed obvious differences between toxin-sensitive and -insensitive lines in disease severity. Most toxin-insensitive RI lines had disease reactions that ranged from 1 to 3, and only 8 insensitive lines had lesion types greater than 3 for the readings taken 10 days after inoculation. The lesion types for most toxinsensitive lines were greater than 2, and none of these were highly resistant (Table 2) . Lesion type means were significantly different between toxin-insensitive and -sensitive lines for all three readings at 5, 7, and 10 days postinoculation.
QTL analysis and mapping. The 5-day reading. Simple linear regression analysis of the 5-day reading data revealed eight genomic regions that contained markers significantly associated with the resistance to Sn2000 (Table 3 ). The toxin insensitivity locus (snn1) on chromosome 1B was the marker most significantly associated with the disease reaction. This locus explained 58.3% of the variation, indicating that insensitivity conferred by the snn1 allele from Opata 85 underlies a major QTL at 5 days after inoculation (Table 3 ; Fig. 3 ). An epistatic interaction between snn1 and the marker Xmwg546 on chromosome 2B also was significant (Table 4 ) and explained ≈4.7% of the variation, but Xmwg546 itself was not significant (Table 3) .
Markers Xcdo1312, XksuG12, Xksu912(Prp), Xcdo1508, Xbcd361, Xbcd758, and Xksu927(Grp94), which map to chromosomes 4BL, 4AL, 3AS, 5DL, 3DL, 6AL, and 7BL, respectively, were significant at P < 0.005 and individually explained from 4 to 9% of the phenotypic variation (Table 3) . With the exception of Xksu927(Grp94), the resistance effects at these marker loci were contributed by W-7984. Of these markers, only Xcdo1312 retained significance in the CIM analysis (Fig. 3) and the multiple regression model (Table 3) . The multiple regression model consisted of the snn1 locus on 1BS, Xcdo1312 on 4BL, and the interaction between Xmwg546 and snn1, which together explained 68.2% of the total phenotypic variation.
The 7-day reading. The results of the 7-day reading revealed that the effects of the major QTL identified by the snn1 locus decreased and explained 48.0% of the variation (Table 3 ) compared with the 58.3% for the 5-day reading. The interaction between snn1 and Xmwg546 retained significance at the 7-day reading and explained 6.4% of the variation compared with 4.7% at 5 days (Table 3) . With the exception of Xksu927(Grp94) on 7BL, the six other marker loci associated with resistance to Sn2000 for the 5-day reading also were significant for the 7-day reading. Markers Xcdo1312, Xbcd361, and Xbcd758 had increased effects at the 7-day reading compared with the 5-day reading, and marker Xcdo1508 had a decreased effect, whereas markers XksuG12 and Xksu912(Prp) explained the same amount of variation for the 5-day and 7-day readings. As with the 5-day reading, only snn1 and Xcdo1312 were significant in the CIM analysis for the 7-day reading (Fig. 3) . The multiple regression model for the 7-day reading consisted of snn1, Xcdo1312, and the interaction between snn1 and Xmwg546, and it explained 62% of the phenotypic variation (Table 3) . The 10-day reading. Analysis of lesion types 10 days after inoculation indicated that the effects of the snn1 locus were significantly associated with resistance. However, the effects of this locus decreased compared with the 5-and 7-day readings and explained 27.3% of the phenotypic variation (Table 3 ). The effects of the 4BL locus detected by Xcdo1312 decreased compared with the 7-day reading and explained 8.0% of the variation for the 10-day reading compared with 9.0% for the 7-day reading. The marker XksuG12 on chromosome 4AL showed an increased effect at the 10-day reading and explained 7.0% compared with 4.0% for the 5-and 7-day readings. The effects of marker Xksu912(Prp) on chromosome 3AS did not change compared with the 5-and 7-day readings and explained 8.0% of the variation. Markers Xcdo1508 (5DL), Xbcd361 (3DL), and Xbcd758 (6AL), which were significant for the 5-and 7-day readings, were not significant for the 10-day reading. Xksu927(Grp94) on chromosome 7BL, which was significant for the 5-day reading but not for the 7-day reading, was significant for the 10-day reading and explained 6.0% of the variation. Only the snn1 locus on 1BS was significant in the CIM analysis for the 10-day reading. The multiple regression model for the 10-day reading consisted of snn1 and Xcdo1312 and explained 36% of the total phenotypic variation.
Aneuploid analysis of fungal inoculation. The CS NT lines and CS-DIC substitution lines were screened for reaction to Sn2000. CS is highly susceptible (lesion types 4.0 to 5.0) and the T. dicoccoides accession used to create the disomic substitution lines is moderately resistant (lesion types 2.0 to 2.5). For the 5-, 7-, and 10-day readings, the toxin insensitive line N1BT1D had mean lesion types of 3.0, 3.5, and 4.5, respectively, and insensitive CS-DIC 1B had mean lesion types of 3.0, 3.5, and 4.0, respectively. The rest of the NT and CS-DIC lines, which are sensitive to SnTox1, had mean lesion types of 4.0, 4.5, and 5.0 for the 5-, 7-, and 10-day readings, respectively, making them significantly (P < 0.05) different from N1BT1D and CS-DIC 1B (data not shown). Therefore, the toxin-sensitive lines were more susceptible to the Sn2000 fungus at the 5-and 7-day readings, but the difference was less obvious for the 10-day reading.
To determine the gene action of toxin sensitivity, we developed a population consisting of 120 F 2 plants derived from crossing CS × CS-DIC 1B. Evaluation of reaction to the toxin indicated that the population segregated in a ratio of 93:27 sensitive/insensitive and fit the expected ratio of 3:1 (χ 2 = 0.4; 0.75 > P > 0.50). This indicates that sensitivity to the toxin is dominantly inherited.
DISCUSSION
Most previous studies have suggested that resistance to S. nodorum is complex and controlled by multiple genes (3, 8, 16, 46, 52) . The results of our research agree with the results of previous studies in that resistance to S. nodorum is quantitatively inherited, but the toxin-insensitivity locus (snn1) underlies a major QTL and is responsible for a large portion of the phenotypic variation observed in this population.
Analysis of the CS aneuploid and RI lines indicated that toxinsensitive plants are more susceptible to the Sn2000 fungus than toxin-insensitive plants. This result and the progressive reduction in effect over time of the 1BS QTL detected by snn1 indicate that SnTox1 plays an important role in causing disease. Ptr ToxA, a necrosis-inducing toxin produced by Pyrenophora tritici-repentis, is also a proteinaceous HST, and insensitivity to the toxin is correlated with the resistance to the tan spot fungus (5, 24) . However, Friesen et al. (17, 18) recently demonstrated that insensitivity to Ptr ToxA in the host does not result in complete resistance to tan spot. Their results suggest that Ptr ToxA is a virulence factor that is important for disease manifestation at 3 and 5 days postinoculation, but the toxin seems to play a nonsignificant role at 8 days postinoculation (17) .
Our studies showed that, similar to Ptr ToxA, SnTox1 is especially important for causing disease in the early stages of the host-pathogen interaction. The toxin-insensitive aneuploid lines CS N1BT1D and CS-DIC 1B were less susceptible than CS and the other NT and CS-DIC substitution lines, but they were not resistant. Furthermore, Opata 85, which is toxin insensitive, was only moderately resistant to the fungus. These data suggest that SnTox1 is also an important virulence factor for Sn2000, but not necessarily a pathogenicity factor because it is not required for disease development (44) .
Another similarity between the systems involving Ptr ToxA and SnTox1 is the fact that sensitivity to both toxins is dominant. Insensitivity to Ptr ToxA is conferred by the tsn1 gene on the long arm of chromosome 5B (11). Anderson et al. (1) showed that insensitivity to Ptr ToxA also is conferred by the null allele, suggesting that the toxin requires a host gene product produced by the
Frecha (15) reported that the common wheat cv. Atlas 66 carried a dominant gene for resistance, and Kleijer et al. (23) used CS monosomic analysis to show that this gene resided on chromosome 1B. Frecha (15) reported that all F 1 plants derived from the crosses between Atlas 66 and a susceptible line were resistant, and the F 2 populations segregated in a ratio of 3:1 resistant/susceptible, suggesting that Atlas 66 does contain a dominant gene for resistance. However, Kleijer et al. (23) reported observing no clear 3:1 segregation in the monosomic study and suggested that CS carries a gene on chromosome 1B that modifies the expression of the dominant resistance gene on chromosome 1B of Atlas 66. The modifying effects from CS may have been due to Snn1, and it is possible that the dominant gene in Atlas 66 is an allele of the toxin sensitivity gene, or that a different SNB resistance gene resides on chromosome 1B in Atlas 66. In preliminary experiments, we found Atlas 66 to be insensitive to SnTox1 and highly resistant to fungal inoculations with Sn2000 having lesion types of 0 to 1 (data not shown). Further work, including the generation of appropriate populations and subsequent genetic analyses, is needed to determine the relationship of snn1 with the resistance gene or genes in Atlas 66.
The T. dicoccoides accession used to create the disomic substitution lines in the CS background was resistant to Sn2000, but no CS-DIC substitution lines showed the same level of resistance as T. dicoccoides. Only CS-DIC 1B was less susceptible, presumably due to insensitivity to the toxin. There may be several genes with minor effects on different chromosomes that contribute to the resistance observed in T. dicoccoides, or the resistance genes in T. dicoccoides may not express properly in the CS background. Also, not all CS-DIC substitution lines are available (CS-DIC 3A and 6B are missing), so there may be resistance factors present on the chromosomes that were not evaluated. In addition to the major QTL on the short arm of chromosome 1BS, we identified several relatively minor QTL on chromosomes 3AS, 3DL, 4AL, 4BL, 5DL, 6AL, and 7BL and an epistatic interaction. We also observed changes in the degrees of effects conferred by the minor QTL over time. The putative QTL on 3DL, 6AL, and 4BL detected by Xbcd361, Xbcd758, and Xcdo1312, respectively, and the epistatic interaction had increased resistance effects at 7 days compared with 5 days postinoculation, but they showed decreased effects at 10 days compared with 7 days after inoculation. Therefore, the genes underlying these QTL and the factors involved in the interaction may lie downstream of the recognition machinery in the defense response pathway.
No QTL had significant effects specific to the 10-day reading. Only the putative QTL on chromosomes 4AL and 7BL detected by XksuG12 and Xksu927(Grp94), respectively, showed an apparent increase in resistance effects at 10 days compared with 5 or 7 days postinoculation. It is possible that these loci represent, or are closely linked to, defense response genes which are known to act downstream of the pathogen recognition (20) . It is interesting to note that there is a cluster of known defense response genes near Xksu927(Grp) on 7BL (27) . Within this cluster, there are genes encoding a chitinase (Xksu928(Chi)), two thaumatin-like proteins (Xksu917(Tha) and Xksu910(Tha)), a catalase gene (Xksu929(Cat)), and a Grp94 (ion channel regulator)-like protein (Xksu927(Grp)). This cluster of defense response genes also has been shown to harbor a major QTL for durable leaf rust resistance in this population (13) and others (9, 53) . However, it also is possible that these regions are spurious QTL detected by random chance due to the significance threshold used in this study. A much larger population evaluated in a large number of replications is needed to confirm the significance of these and the other minor QTL identified in this study. Nevertheless, with the exception of the snn1 locus on 1BS, it is apparent that the effects of nearly all minor QTL identified in this study peaked at 7 days postinoculation, which suggests that future studies should employ disease evaluations at 5 to 7 days after inoculation to maximize detection.
Three of the putative QTL identified in this research have the potential of being the same as previously identified QTL. The major QTL detected by the snn1 gene on chromosome 1BS may be allelic to the gene in Atlas 66 identified by Frecha (15). Cao et al. (4) identified a gene (snbTM) on chromosome 3A in durum wheat that was introgressed from T. timopheevii, which may or may not be allelic to the gene underlying the minor QTL that we identified on chromosome 3AS. Most studies indicate that the inheritance of leaf blotch resistance is independent to that of glume blotch resistance, but the QTL we identified on 4BL is in a position very similar to QSng.sfr-4BL identified by Schnurbusch et al. (45) that conferred resistance to glume blotch. In their population, the 4BL QTL explained ≈19% of the phenotypic variation for glume blotch resistance. It is important to note that our study may differ from previous studies, in that we employed a single toxin-producing isolate of S. nodorum and evaluated juvenile plants for the reaction to SNB using a qualitative rating scale. The qualitative scale was developed based on other disease reaction scales (14, 25, 50) , using disease reaction type and lesion size. Because toxin-producing fungi have the ability to colonize tissue that has been killed in advance of the growing mycelium, lesion size and morphology are important aspects when measuring the resistance response. This qualitative scale measures the containment of the fungus after penetration of the host tissue and the effect that different host genes, including snn1, have on reduction of fungalinduced necrosis or chlorosis. This qualitative, numerical type scale has been used effectively in several other necrotrophic cereal pathosystems, including Pyrenophora tritici-repentis (25) , P. teres (50) , and Cochliobolus sativus (14) . Other studies may have used different populations, isolates, or rating scales and evaluated adult plant leaves or glumes. These factors may lead to the identification of different QTL.
Both parents were moderately resistant to Sn2000, but transgressive segregants were common among the progeny. Wicki et al. (52) also found transgressive inheritance in populations derived from crosses between two moderately resistant parents. This suggests that transgression breeding can be used to develop cultivars highly resistant to SNB. The two largest resistance QTL identified in our research were derived from different parents, and the two parents showed different resistance mechanisms. Other research has led to the identification of resistance QTL which have chromosomal locations that differ from those identified in our research. It should be possible to combine resistance QTL from different sources for the development of wheat and durum cultivars that possess high levels of durable SNB resistance. The markers identified in this research to be associated with SNB resistance QTL should be useful for marker-assisted selection to develop Sn2000-resistant germ plasm. Alternatively, culture filtrates or partially purified toxin could be used to select for toxininsensitive plants, which would be at least partially resistant to SNB. However, other QTL necessary for more complete resistance would not be selected for. Furthermore, because of the dominance of toxin sensitivity, extensive progeny testing would be required when backcrossing to introgress the snn1 allele into a sensitive genotype because all BC 1 progeny would be sensitive. This could be circumvented by selecting the heterozygous BC 1 individuals with closely linked molecular markers and advancing them to subsequent rounds of backcrossing. 
